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ABSTRACT 
In recent years, Caribbean resource management agencies have increasingly sought to establish protections on economically 
important aggregating tropical marine fishes such as Nassau grouper. Management actions include seasonal closures during 
spawning, marine protected areas at aggregation sites, and even complete elimination of harvest. Typically, such active management 
has been precipitated by steep declines in the abundance of the aggregating species, such that classic methods of abundance 
estimation (e.g. transects) are ineffective due to low densities. The challenge in assessing the effectiveness of such management thus 
lies largely in the development of accurate estimates of stock size and rebuilding. We present an in situ visual mark-recapture study 
design that can be used to estimate the total abundance of spawning fish at an aggregation site. The design takes advantage of the 
high density and approachability of aggregating Nassau grouper by SCUBA divers. Because recent evidence suggesting aggrega-
tions represent the totality of spawning stock for the region served by the aggregation site, this method provides an effective index of 
spawning stock size, and through time, numerical stock response to management actions. 
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INTRODUCTION 
Nassau grouper stocks have declined precipitously through most of their range over the last several decades, prompting 
listing of the species as endangered under the IUCN Red List (IUCN 2008). The principle reason for the decline of the 
species is harvest during spawning. Nassau grouper form large reproductive aggregations at highly predictable times and 
locations throughout their range (Colin 1992, Whaylen et al. 2004). In some instances Nassau grouper will swim hundreds 
of kilometers to attend these aggregations. Once aggregations of the species are discovered, they are typically fished 
intensively each winter; many such aggregations have been fished to the point where fish apparently cease to aggregate. 
In several places through the Caribbean (e.g. Southern USA, Bermuda, Cayman Islands) Nassau grouper have been 
protected through complete no-take protections, seasonal closures, or the establishment of reserves at spawning sites. In 
order to assess the adequacy and effectiveness of these protections, managers require accurate estimates of regional 
population abundance through time. However, because the species is typically uncommon on home reefs (particularly in 
areas where over-fishing has occurred), traditional abundance assessment methods such as transects are not effective.  
Based on seven years of acoustic and Floy tagging studies of Nassau grouper in the Cayman Islands, the Grouper Moon 
research program, a collaborative effort between the Reef Environmental Education Foundation (REEF) and the Cayman 
Islands Department of the Environment, has demonstrated the spawning aggregations are attended by all or nearly all 
reproductively mature individuals from the region local to the spawning site (B.X.S. Unpublished data, Semmens et al. 
2005). In the case of the Cayman Islands, the narrow shelf edges and separation by abyssal water between islands results in 
spawning aggregations with membership exclusive to the islands on which they form. Based on these findings, it appears 
that assessments of abundance on spawning sites provide a direct proxy for the total spawning stock of Nassau grouper in 
the region. Tracking annual spawner estimates at the spawning site across time can therefore provide a time series useful for 
evaluating the population-level response of Nassau grouper to management efforts aimed at promoting recovery. The 
challenge, then, is to identify a method that provides an unbiased and precise estimate of the number of spawning individu-
als. 
Several different abundance assessment methods have been applied in monitoring spawning aggregations (Colin 2012). 
Visual counts by divers are the most common; visual assessments provide an over-all estimate based on a single or multiple 
passes though the aggregation, by modified transect techniques, or by using either approach stratified by habitat at the 
aggregation site. Video pans of the aggregation, especially when the fish are densely clustered, have also been used to 
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generate counts through post-processing of collected video. 
Finally, active acoustics have been used to estimate the 
total number of fish at the aggregation site. Visual counts 
by divers often have a large amount of observer subjectivi-
ty, and typically vary widely between observers and 
techniques. Video pans are dependent on fish behaviors, 
and may not be possible when aggregations are too dense 
or over dispersed. Both methods are limited by visibility 
and the constraints of safe diving. Acoustic techniques are 
not dependent on divers, but may dramatically overesti-
mate the number of aggregating fish when multiple 
schooling species are present, since species are not easily 
identifiable. In all cases, it is difficult to generate an 
explicit estimate of the confidence associated with the 
counts generated . 
In this study, we report on an in situ mark-recapture 
technique that uses visual tags (Floy™ tags) deployed with 
a pole spear, and subsequent visual counts of marked and 
unmarked individuals. Using these counts, we show that it 
is possible to recover accurate estimates of the number of 
aggregating fish, and importantly, provide confidence 
intervals associated with these counts; these estimates can 
be used as a complement to other observations or as a more 
robust method of estimating adult population size in cases 
where resources are limited. 
 
METHODS 
All research was carried out at the Nassau grouper 
spawning site at the west end of Little Cayman, Cayman 
Islands. During the winter spawning period for Nassau 
grouper in 2008 and 2011, researchers on scuba used 
modified pole spears and Floy™ FIM-96 Small Billfish 
tags to mark fish while Nassau grouper attended the 
aggregation site. In both years, tagging efforts were 
concentrated over a two day period early in the spawning 
period (in both years, starting the day after the winter full 
moon in February). Fish typically aggregate at the spawn-
ing site for at least six days after the full moon. Due to the 
difficulty in tagging fish, and the need to be conservative in 
order to avoid injuring fish, individuals were tagged 
opportunistically on either side of the fish, but always in 
the rear of the fish and immediately below the dorsal fin. 
Researchers tagged a total of 36 and 67 fish in 2008 and 
2011, respectively. 
After the tags were deployed, researchers on scuba 
followed a set protocol to make counts of tagged individu-
als. During a dive at the aggregation site, researchers 
would locate the mass of fish, and then for each of several 
surveys during a dive, divers would pseudo-randomly 
identify 50 individuals, making note of how many were 
tagged on the side closest to the surveyor. Because fish 
could possibly be tagged on either the right of left side, and 
because both sides of the same fish are not always 
observable, observers effectively counted 50 “sides” of 
fishes, and recorded the number of those sides that were 
tagged. Across surveys and surveyors, effort was made to 
distribute the count effort evenly across the spatial extent 
of the aggregation. During a 3-4 day period in both years, 
divers made 52 and 102 surveys in 2008 and 2011, 
respectively.  
Using these data, we constructed a simple Bayesian 
model of the counts of tagged individuals in each survey ti 
using a binomial process: 
 
ti ~ binomial(p, n) 
 
Where p represents the proportion of fish in the aggregat-
ing population that are tagged (prior distribution of beta
(1,1)), and n represents the number of fish sides counted (in 
all cases 50).  
Using the posterior estimates of p, we subsequently 
calculated the distribution of the total number of fish at the 
aggregation, pop, using the relationship: 
 
   pop = (n / p) / 2 
 
In other words, the total population size estimate results 
from dividing the number of tagged sides in the population 
by the probability that any one fish is tagged. In order to 
convert out estimate from the number of fish sides in the 
population to the number of whole fish, we divide by 2. 
 
RESULTS AND DISCUSSION 
In 2008, tagged a total of 36 fish and conducted 52 
counts of 50 fish sides. In 2011, we tagged 67 fish and 
conducted 102 counts of 50 fish sides. Using the analytic 
approach outlined above, we estimated a spawner abun-
dance median and 95% credible interval of 3,435 (2,414 - 
5,150) in 2008 and 3,336 (2,862 - 3,931) in 2011. 
Both the proportion of tagged fish in the population, 
and the number of count surveys conducted influence the 
precision of the population estimate. Given that the tagging 
process is invasive and likely causes pain to individual fish, 
we opted to try and tag ~ 2% of the population. In lieu of 
tagging more individuals, we made every attempt to 
conduct as many counts as possible. In 2011, the slight 
increase in the number of tagged individuals, and 100% 
increase in total counts dramatically increased the precision 
of our population estimate. Future studies employing the 
technique outlined here should make the effort to carry out 
simulations to assess expected precision given the expected 
proportion of the population tagged and the expected 
number of count surveys to be conducted. Given the ethics 
of animal care and use, and the fact that aggregating 
species are often under threat, care should be taken to 
minimize the impact of tagging on individuals and the 
population as a whole. 
We assumed that all individuals attended the aggrega-
tion during spawning, and that all tagged individuals in the 
population were present at the aggregation site during 
count surveys. Furthermore, we assumed that tagged 
individuals were not attracted to divers (and thus more 
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likely to be counted). Finally, we assumed that no tag 
shedding occurred before the count surveys were complet-
ed. A violation of any of these assumptions could result in 
a biased estimate of the total population size.  
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